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The effect of early short-term exercise on late scar for-
mation of myocardial infarction is unknown. Therefore,
rats anesthetized with ether underwent proximal left
coronary artery occlusion. Infarct extent was assessed 24
hours later by electrocardiographic criteria (QRS mor-
phology). Immediately after electrocardiography, the rats
were divided into two groups. Group 1 rats (n =8) were
subjected to daily graded swimming (up to 45 minutes
a day) starting 24 hours after coronary occlusion for a
total of 7 days followed by 2 weeks of nonswimming.
Group 2 rats (n =7) served as a control group and were
not subjected to swimming. Twenty-one days after coro-
nary occlusion, the rats were anesthetized, their heart
excised and wall thickness determined histologically.
Noninfarcted septal wall thickness was similar in both
Considerable research and interest have been directed to the
definition of factors that might modify the amount of early
ventricular wall damage or dyskinetic dilation after myo-
cardial infarction (I). However, little is known about the
effects of various early interventions on late postinfarction
scar structure . This study sought to determine whether early
short-term swimming exercise during the first week after
myocardial infarction, followed by 2 weeks of regular ac-
tivity without exercise, has an effect on scar formation .
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Groups 1 and 2. A ratio for transmural infarcts was
obtained from multiple measurements by dividing scar
thickness by noninfarcted septal wall thickness. Ratio of
scar thickness divided by noninfarcted wall thickness for
the control (nonswimming) group was 0.48 ± 0.05 (mean
± standard error of the mean); however, in the exercise
(swimming) group , there was marked scar thinning with
a ratio of 0.25 ± 0.02 (mean ± standard error of the
mean, p < 0.001). Infarct extent assessed by planimetry
as percent of left ventricular slices was similar in both
groups. Thus, early short-term swimming exercise dur-
ing the first week after experimental myocardial infarc-
tion even when followed by 2 weeks without swimming,
has long-lasting effects on scar formation .
Methods
Experimental protocol. Twenty-five mature female
Wistar rats (200 to 240 g) were anesthetized with ether,
intubated and ventilated on a Harvard small animal respi-
rator. A 2 em incision was made between the fifth and sixth
ribs and the heart was exteriorized by applying pressure to
the lateral aspects of the thoracic cage. The left coronary
artery was ligated between the pulmonary outflow tract and
the left atrium with 5-0 prolene suture . The heart was re-
positioned in the chest cavity , thoracotomy was closed and
the animal s were allowed to recover. Twenty-four hours
after coronary artery occlu sion , the rats were lightly re-
anesthetized with ether and an electrocardiogram using the
standard limb leads and precordial leads V], V2 , V4 and V6
was obtained as described by Dunn et al. (2). An electro-
cardiographic estimate of infarct size was made in each rat
as the sum of Q wave amplitudes in the precordial leads (Q
in mm , where Imm = 0.1 mY) (3) .
After electrocardiography. the rats were matched ac-
cording to electrocardiographic estimate of infarct size into
two groups. Rats in Group I swam daily, starting 24 hours
after coronary ligation for a total of 7 days, followed by 2
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Figure 1. Ratio of scar thicknessto noninfarcted. septalwall.thick-
ness in rats in control (closed circles) and exercise (open CIrcles)
groups. Large open circles and bar represent mean ± standard
error of the mean for each group of rats (p < 0.001).
Results
Thirteen rats were assigned to the swimming group (Group
1) and 12 rats to the control (rest) group (Group 2). During
the first week after coronary occlusion, nine rats died: five
in the swimming group and four in the control group; there
was no evidence for myocardial rupture in those that died.
One control rat did not have a transmural myocardial in-
farction. These 10 rats were excluded. Of the remaining 15
rats that survived for 21 days, 7 were in the control group
and 8 in the swimming group; all 15 had transmural myo-
cardial infarction. Electrocardiographic infarct size as ex-
pressed by the sum of the Q waves (LQ) in the precordial
leads was 16 ± 3 mV (mean ± standard error of the mean)
in the control group and 14 ± 1 mV in the swimming group
(probability [p] = not significant [NS]). This finding sug-
gests that electrocardiographic estimate of infarct s~ze ~as
similar 24 hours after occlusion and before the swimmmg
was initiated.
Wall thickness and infarct size. Noninfarcted septal
wall thickness measured on the histologic sections was sim-
ilar in both groups: 2.39 ± 0.70 mm in the control group
and 2.16 ± 0.20 mm [p = NS] in the swimming group.
However, the mean infarct wall thickness in the control
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weeks of regular activity without swimming. Group 2 rats
served as the control group and did not swim throughout
the entire 3 week period after coronary occlusion.
The rats used in this study were maintained in accordance
with the guidelines of the Committee on Animals of the
Harvard Medical School and those prepared by the Com-
mittee on Care and Use of Laboratory Animals of the In-
stitute of Laboratory Animal Resources, National Research
Council (Department of Health, Education and Welfare pub-
lication no. [NIH] 78-23, revised 1978).
Exercise protocol. Rats in Group 1 underwent swim-
ming in an 80 x 50 x 50 cm container with water heated
to 37°C. The rats started with a 15 minute swimming period
that was extended by 5 minutes each day and up to 45
minutes on the seventh day. After each swimming session,
the rats were towel-dried and replaced in their cages. The
nonswimming control rats were handled and towel-manip-
ulated during the first 7 days after coronary occlusion to
mimic the stress of handling experienced by Group 1.
Preparation and measurement protocol. Twenty-one
days after coronary occlusion, rats were reanesthetized with
ether, thoracotomy was performed and 1 mEq potassium
chloride was injected into the superior vena cava. The heart
thereby arrested in diastole was excised. The proximal aorta
was clamped above the coronary ostia and the heart was
perfused with 10% buffered formalin infused through the
mitral valve into the ventricular cavity at a pressure of 5
mm Hg. The heart was then immersed in formalin and fixed
for 48 hours.
Fixed hearts were sectioned transversely in the center of
the left ventricle into two halves, dehydrated and embedded
in paraffin according to standard methods and sectioned
transversely. At each interval of 1 mm, two sections, 6 I.t
in thickness, were obtained and stained with hematoxylin-
eosin and Masson's trichrome stain. A calibrated light mi-
croscopic eyepiece reticle was used to measure scar and
noninfarcted wall thickness for each slice. Measurements
were performed on each slice in a blinded fashion without
knowledge of the origin of the heart. Scar thickness and the
thickness of the noninfarcted septal wall were measured at
five or six equally separated locations and the values av-
eraged. A ratio was determined of the average scar thickness
to average noninfarcted wall thickness in each slice. Mean
values of scar thickness and noninfarcted septal wall thick-
ness and ratio were determined for each rat.
Thehistologic sections were projected on a sheet of paper
and the slices were traced. From these tracings, infarct ex-
tent was quantitated as a percent of the left ventricular slices
by planimetry.
Statistical analysis. Student's unpaired t test was used
to compare the following variables between groups: sum of
Q waves in precordial leads (LQ), scar thickness, nonin-
farcted septal wall thickness, ratio of scar/noninfarcted wall
thickness, and infarct extent.
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group was 1.13 ± 0.13 mm and was significantly thinner
(0.50 ± 0.04 mm) in the swimming group (p < 0.001). The
mean ratio between the infarcted and the noninfarcted wall
thickness was 0.48 ± 0.05 in the control group; however,
in the exercise group there was marked thinning with a ratio
of 0.25 ± 0 .02 (p < 0.001) (Fig. 1 and 2). Extent of
infarction assessed by planimetry and expressed as a percent
of the left ventricular slices was similar in both groups (16.3
+ 1.5% in the control group and 13.6 ± 1.5% in the
exercise group, p = NS). A good correlation (r = 0.82)
was found between ~Q and infarct extent (IE) by planimetry
(IE = 0.55 ~Q + 6.6, standard error of the estimate =
2.48, n = 15).
Discussion
Effect of early exercise on myocardial infarct scar. This
study demonstrates marked thinning of the myocardial scar
3 weeks after coronary occlusion in rats subjected to swim-
ming exercise (Group 1) starting 24 hours after occlusion
and lasting for 1 week compared with rats in Group 2 that
did not swim. Although exercise lasted for only 1 week and
was followed by 2 weeks of normal activity, this short-term
intervention affected scar morphology. This suggests that
there is an early period of time in which exercise can induce
a late detrimental effect on scar thickness . To the best of
our knowledge, this is the first study showing that a short
period of exercise followed by rest can have a prolonged
effect on infarct topography.
The present study examined the effects of exercise carried
out during the very early stages of healing, when necrosis
and inflammation predominate, before early collagen de-
position (4) . It is possible that increased left ventricular
stress caused early thinning and distortion of the soft in-
farcted wall, which was followed by collagen deposition on
a thinned wall resulting in altered left ventricular topogra-
phy. This explanation is supported by recent studies (5,6)
of infarct expansion, which is defined as regional infarct
thinning and dilation that occurs within 24 hours after in-
farction and increases in extent and prevalence over the first
week.
Previous experimental studies. There have been con-
flicting results in experimental studies of exercise in animals
with infarction. In rats , it was shown that severe restriction
of activity after myocardial infarction increased mortality,
whereas enforced vigorous exercise had no detrimental ef-
fect on survival (7). Kaplinisky et al. (8) and Thompson et
al. (9) did not find aneurysms in dogs that had undergone
early exercise after infarction , whereas Sutton and Davis
(10) did. In our study , even though the exercise was short-
term, significant and marked effects on scar thickness were
detected, which were even more striking than those observed
in a recent study (11) in which exercise was begun 7 days
after infarction and continued daily for 14 days.
A
Figure 2. Photomicrographs of histologic sections of a control rat
heart (A) versus exercise rat heart (B). The scar is considerably
thinner in the exercise (swimming) rat compared with the control
rat. The scar is expanded in the exercise rat. Hematoxylin-eosin;
original magnification x 10.
It is unlikely that exercise at 24 hours could increase
infarct size . Fishbein et al. (12) demonstrated in a rat model
of infarction that salvageable tissue does not exist after 9
hours of coronary occlusion. Furthermore, in our study there
was no difference in infarct size between the exercise and
the control groups at the end of the experiment.
Implications: relevance to ventricular aneurysm for-
mation. Although the functional importance of scar thin-
ning after myocardial infarction remains to be determined,
application of the Laplace relation (13,14) , describing the
inverse relation between stress and wall thickness suggests
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that thinning would be deleterious. Scar thinning is an im-
portant factor in the pathogenesis of left ventricular aneu-
rysms . Thin scars are more compliant than thick scars , al-
lowing paradoxical wall motion to occur during systole. In
a study (15) on left ventricular aneurysms in human subjects,
ejection fraction was shown to be reduced in relation to
increased compliance of the left ventricular aneurysm.
In a recent study (5) , on the pathogenesis of left ven-
tricular aneurysm, it was shown in a rat model that changes
in aneurysmal shape occur early , within the first 5 days after
coronary ligation. Our study suggests that exercise during
this early critical period may predispose to increased prev-
alence of aneurysm formation by causing scar thinning.
Caution should be used before applying these results from
rats to patients with myocardial infarction.
We gratefull y acknowledge the technical assistance of Cindy Steinberg.
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